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OBJECT; 

The  object  of  this  thesis  is  to  show 
the  effect  of  initial  and  back  pressures  on 
the  economy  of  a  simple  high  speed  engine, 
when  running  at  various  loads  and  at  constant 
speed, 

APPARATUS : 


The  engine  used  in  making  this  exper- 
iment is  an  &!•"  X  10"  simple  horizontal  engine 
with  a  rating  of  30  H.P.  manufactured  by  the 
Phoenix  Iron  Works  Company,  of  Meadville,  Pa. 

The  steam  is  supplied  to  the  engine 
through  a  2"  pipe  and  exhausts  through  a  2" 
pipe  into  a  surface  condenser.  The  piping 
layout  is  as  shown  in  figure  7.   The  valve, 
which  is  of  the  piston  type  is  as  shown  in 
figures  8  and  9,  takes  steam  on  the  ends  and 
exhausts  in  the  center. 
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The  valve  is  operated  by  a  shaft  governor. 
This  engine  is  of  the  self  oiling  type  having 
oil  recesses  cast  in  the  frame  so  that  at  each 
revolution  oil  is  thrown  by  the  ceank,  thereby 
oiling  all  the  bearings. 

The  auxiliary  apparatus  consists  of 
Crosby  Indicators,  for  obtaining  the  indicat- 
ed Horse  power;  a  throttling  calorimeter,  for 
obtaining  the  quality  of  the  steam;   steam 
and  vacuum  gauges,  for  obtaining  the  steam 
and  vacuum  pressures;  a  calorimeter  ther« 
mometer,  for  obtaining  the  temperature  in  the 
calorimeter;   tanks  and  scales,  for  obtaining 
the  weight  of  condensed  steam;   and  a  prony 
brake,  for  applying  the  required  load, 

METHOD  OF  PROCEDURE; 

Before  starting  this  experiment  the 
engine  and  its  equipment  were  examined,  in 
order  that  a  better  understanding  of  their 
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operation  might  be  ascertained.   It  was  found 
that  the  engine  had  not  been  used  for  more 
than  three  years.  For  this  reason  the  gland 
was  removed  from  the  stuffing  box  and  the  old 
packing  removed.  New  packing  was  inserted  and 
the  gland  replaced.   The  valve  rod  was  also  re- 
packed. The  grease  cups  were  removed,  cleaned 
and  refilled.   The  crank  case  was  drained, 
cleaned  and  then  refilled  with  new  oil. 

In  order  to  get  correct  pressures  when 
reading  the  pressure  gauges,  it  was  found  that 
it  would  be  of  better  advantage  to  construct 
constant  pressure  reservoirs,  consisting  of  a 
piece  of  iron  piping  2  feet  long  and  2  inches 
in  diameter,  capped  at  both  ends.   Two  of  these 
were  constructed  each  having  ^   inch  pipe  taps 
about  12  inches  apart.   The  reservoirs  were 
fastened  to  the  cylinder  head  of  the  engine  by 
means  of  1/16  inch  strap  iron,  as  is  shown  in 
figure  1.  One  of  these  reservoirs  was  connected 
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to  the  steam  line  and  the  other  to  the  exhaust 
line.   "Goose-neck"  pieces  of  -^   inch  piping 
were  connected  to  the  outlets  and  the  pressure 
gauges  attached  as  is  shown  in  figures  1  and 
3,  Figure  1  shows  the  calorimeter  in  place. 
Figures  4,  5,  and  6  show  other  views  of  this 
engine. 

It  was  foTind  necessary  to  calibrate 
the  Fairbanks  Standard  Scale,  before  the 
weight  of  the  unbalanced  part  of  the  Prony 
brake  was  determined.  United  States  Standard 
50  pound  weights  were  placed  upon  the  weighing 
platform  and  the  zero  point  adjusted. 

Two  cross  pieces  as  shown  in  figure  10, 
were  constructed  in  order  that  the  weight  of 
the  unbalanced  portion  of  the  Prony  brake  could 
be  foimd.  These  consisted  of  two  pieces  of 
wood,  3i"  X  2 '-6"  X  f"  nailed  together  at  right 
angles. 
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A   7/8"  hole  was  drilled  through  both  pieces. 
The  Prony  brake  was  removed  from  the  pulley 
wheel  and  laid  upon  the  floor.   The  cross- 
pieces  were  then  placed  in  a  position,  so 
as  to  take  the  place  of  the  pulley;   and  a  - 
rod,  7/8  of  an  inch  in  diameter  inserted 
through  the  holes  in  the  cross-pieces. 

The  Prony  brake  was  clamped  and  the 
apparatus  was  then  lifted  into  place  on  knife 
edges  upon  wooden  horses,  the  arrangement  is 
as  shown  in  figure  10,   The  total  weight  on 
scales  was  found  to  be  22  pounds,  the  weight 
of  the  wooden  strut  10  pounds.  This  gave  a 
net  weight  of  12  pounds  for  the  unbalanced 
portion  of  the  Prony  brake. 

Suitable  means  for  piping  the  water 
used  to  cool  the  Prony  brake  and  for  the  sur- 
plus water  were  made.   The  engine  parts  were 
thoroughly  cleaned  and  the  prony  brake  replaced 
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upon  the  pulley  wheel.  The  reducing  motion 
for  the  indicators  was  adjusted  and  the  in- 
dicators put  in  place. 

The  apparatus  was  now  set  up  as  shown 
in  figure  2,  The  condenser  pump  was  started 
and  the  condensing  water  was  regulated  for 
the  required  amount  to  condense  the  steam. 
The  drips  and  all  the  valves  in  the  exhaust 
line  were  opened  before  the  engine  was  start- 
ed. After  the  engine  had  been  started  the 
required  load  was  applied;   the  drips  closed; 
and  the  lubricators  properly  adjusted.   The 
steam  and  exhaust  pressures  were  now  adjusted 
and  a  series  of  runs  of  30  minute  duration 
were  made.   The  tests  were  always  started 
after  the  engine  had  been  running  for  at  least 
an  hour  so  that  conditions  were  constant. 

The  following  observati  ons  were  made 
every  5  minutes  during  each  run: 
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steam  pressure  at  engine. 

Exhaust  pressure  at  engine. 

Temperature  of  the  engine  room. 

Temperature  in  the  calorimeter. 

Barometer, 

Speed  of  engine  in  revolutions  per  min. , 

Load  on  scales. 

Indicator  cards  from  both  ends  of  the 
cylinder. 

Final  reading  of  condensed  steam  at  the 
end  of  each  run. 


DATA  AND  CALCULATIONS: 
Taken  from  Log  Sheet  No,  5,  test  No,  4, 

Time,  minutes  30 

Steam  pressur e, lbs, /sq. in. .gauge,  80 

Exhaust   "    n   rr  rt    n  10"vaG. 

Revolutions  per  minute,  300 

Load  on  scales, lbs.,  120 

Dead  load  on  scales, lbs.,  19. E 

Net   t    ft    «    n  100.8 

Calorimeter  temperature, Deg.F. ,  255,3 

Weight  of  cond, steam, lbs, ,  880,0 

"    "   "    "  per  hr.,lbs,,  1760 

Room  tempera ture, Deg, F, ,  102 

Barometer,  ins.  of  Hg.  29,84 


/<s. 


Scale  of  springs,  lbs,,       60 

DATA  TAKEN  FROM  INDICATOR  CARDS: 


HEAD  : 

END. 

Area 

Length 

M.E.P. 

I.H.P. 

E.50 

3,88 

£.86 

3.88 

2.40 

3.90 

2.52 

3,90 

2.10 

3.86 

Av.    2.48 

3.884 

38.2 

16.4: 

CRANK 

END. 

3.00 

3.76 

3.25 

3.76 

2.95 

3.76 

2.97 

3.78 

2.74 

3.78 

Av.    2.982 

3.77 

47.7 

19. < 

Total   I.E. P.    a   19,8+16.41   =  36.21 
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Brake  Horse  power  =  ^^-^qq  ^ 

where , 

1  is  the  length  of  brake  arm  in  feet 

N  is  the  number  of  Rev.  per  minute 

W  is  the  net  load  on  the  scales. 

T^  TT  P  -   2^(5.85)  (500)  (100.8)   .  „^  ^f. 
B.H.P. ~7i000  ^'^^ 

Mechanical  efficiency  =  |^*^^   x  100%  s  83.1^ 
The  I.H.P.  was  found  by  the  us e  of  the  fol- 
lowing formula; 

T  H  P   -  ^  ^  ^  ^ 

?diere, 

P  is   the  M.S.P,   in  pounds  per  sq.in,, 

L  is  the  length  of   stroke  is  feet, 
A  is   the   area  of  the   piston  is   sq.in., 
N   is    the   number  of  Rev.   per  minute, 
M.E.P.   for   the   head  end   s  38.2 
L  or  length  of  stroke  =   10"   or  ^ 
K  or  Rev,   per  minute     »  300 
A  or  area  of  piston  head  in  sq.,in.,for 
the   head  end   s   56,75 


S.O. 


(S6.2)  (10)  (56.75)  (SOQ) 
^•^••^*  °    (53000)  (12) 

Reducing, 

58.3  X  56.75  _  t  c  at 
I.H.P.  =  igg      -  16.41 

V  The  quality  of  the  steam  was  found  by 
using  the  Mollier  Diagram.   The  intersection 
of  the  two  lines;  representing  the  pressure 
corresponding  to  the  barometer  and  the  line 
of  degrees  of  superheat;  was  followed  straight 
across  the  diagram  where  it  crossed  the  line 
corresponding  to  absolute  steam  pressure. 
The  quality  was  found  directly  from  the  latter 
point.  . 

The  weight  of  dry  steam  condensed  per 
hour  was  found  by  multiplying  the  wei^t  of 
wet  steam  per  hour  by  the  quality.  The 
steam  used  per  I.H.P.  per  hour  was  found  by 
dividing  the  wei^t  of  dry  steam  per  hour  by 
the  I.H.P. 
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LOG  SHEET  NO.  1, 


S./. 


TESTS. 


Ko.  1  No.  2  No.  3  No.  4 


Duration  of  teats, rain.. 
Barometer, ins,  Hg, , 
Boom  temp.Deg.P. , 
Steam  press. #  /Sq..in., 
Exhaust  "   "   •♦   " 
Temp.calorimeter.Deg.F. 
Revolutions  per  min. , 
Gross  wt.on  scales, lbs. 
Tiare  wt.   "    "    " 
Net  wt.   "    "    " 
Wt.of  cond, Steam, lbs, , 

"   "   "    "  Ibs./br. 
Scale  of  Springs , lbs , , 
I. H. P. Crank  End, 
I.H.P.Head  End, 
Total  I.H.P., 
Brake  Horse  Power, 
M.E.P.Crank  End, 
M.E.P.Head  End, 
Diam.of  Cylinder, ins. , 
Brake  Arm,  feet. 
Mechanical  Efficiency, ^^ 
Quality  of  Steam,^ 
Steam/l.H.P./hr.dry, 
Wt.of  dry  Steam/hr., 
Length  of  stroke, ins.. 
Area  of  piston, Head  End 


.30 

30 

30 

30 

29.64 

29.7 

29.78 

29.7 

100 

92 

92 

90 

80 

80 

80 

79.55 

3  inch  Tacuiim 

263 

247 

263 

253 

300 

300 

300 

300 

0 

60 

90 

120 

0 

19,2 

19,2 

19,2 

0 

40.8 

70.8 

100.8 

362 

610 

777 

972 

724 

1220 

1554 

1944 

60 

60 

60 

60 

2.482 

7.7 

13.6 

19.0 

0.519 

6.48 

11,32 

16.55 

3.001 

14.18 

24,92 

35.56 

0 

12,23 

21,25 

30.10 

5.98 

18.55 

32.70 

45,75 

1.205 

15.10 

26,52 

38.4 

8.5 

8.5 

8,5 

8.5 

5.25 

5.25 

5,25 

5.25 

;  0 

86.4 

85.4 

82.4 

98.6 

97.95 

98.8 

97.2 

238 

84.8 

61.7 

53.2 

714 

1195 

1535 

1890 

10 

10 

10 

10 

.56.75 

Sq.in, 

,G.E.54 

.83 

£iZ. 
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LOG  SHEET  NO.  £A. 

TESTS. 

Duration  of  tests, min.. 
Barometer, ins.  Hg., 
Room  terap.DeK,  P., 
Steam  press,?  /Sq.in,, 
Exhaust  "   "   "   " 
Temp, calorimeter, Deg.  P 
Revolutions  per  min, , 
Gross  wt.on  scales, lbs. 
Tare  wt,   "   " 
Eet  wt. 
Wt.of  cond. Steam,  lbs., 
"   "   "   "  Ibs./hr. 
Scale  of  Springs, lbs. , 
I. H, P. Crank  End, 
I. H. P. Head  End. 
Total  I.E. P., 
Brake  Horse  Power, 
M.E.P.Crank  End, 
M.E.P.Head  End, 
Diam.of  Cylinder, ins, , 
Brake  Arm,  feet. 
Mechanical  Efficiency,^ 
Quality  of  steam, ^ 
Steam/I. H. P. /hr. dry, 
Wt,  of  dry  steara/hr,. 
Length  of  stroke,  ins,. 
Area  of  piston, Head  End 


No.  1  No.  2  No,  S  No,  4 


SO 

29,64 

100 

85 


30 

29,76 
96 
85 


30 
29,7 
90 
85,5 


5  inch  Vacuum 
264,33  258,3   257.3 


300 

0 

0 

0 

357 

714 

60 

2.82 


300 

60 

19,2 

40,8 

663 

1326 

60 

8.01 


0.3545  7,70 
3.1745  15.71 


0 

6,8 

0,825 

8.5 

5.25 

0 

98,8 

222.1 

705 

10 


12.23 

19,50 

17.90 

8.5 

5.25 

77.95 

98,3 

83,0 

1303 

10 


300 

90 

19,2 

70,8 

800 

1600 

60 

13,45 

12,20 

25.65 

21,25 

32,4 

28.39 

8.5 

5,25 

82,8 

98,3 

61,8 

1583 

10 


30 

29.83 
91 
85 

223.1 

300 

120 

19.2 

100.8 

939 

1878 

60 

17.1 

18,6 

35,6 

30,10 

41.2 

43.0 

8.5 

5,25 

84,6 

96,7 

51.3 

1823 

10 


,56,75  Sq.in. ,C.E.  54.83 


LOG  SHEET  NO.  3. 


£.-3. 


TESTS. 


rro.  1  No.  2  No.  3  No.  4 


Duration  of  teats, min. ,30 
Barometer, ins.  Hg.,    29.23 
Room  temp.Deg.  F.,     92 
Steara  press. #  /Sq.in.^  75 
Exhaust  "  "   "   "   5 "Vac. 
Temp. calorimeter, Deg. P. 259. 2 
Revolutions  per  min. ,   300 
Gross  wt.on  scales, lbs. 0 
Tare  wt.   "   "    "   0 
Net  wt.   "   "    "0 
Wt.  of  cond.steam.lbs. ,390 

"  lbs. /hr. 780 
Scale  of  Springs, lbs. ,  50 
I. H. P. Crank  End,       2.295 
I. H. P. Head  End,        0,391 
Total  I.H.P.,  2.686 

Brake  Horse  Power,     0 
M.E.P.  Crank  End,      5.54 
M.R.P.Head  End,        0,910 
Diam.of  Cylinder, ins. ,  8.5 
Brake  Arm,  feet,       5.25 
Mechanical  Efficiency, ft  0 
Quality  of  steam, ^     98.7 
Steam/l.H.P./hr.dry,   286.6 
Wt.of  dry  steam/hr.,    770 
Length  of  stroke, ins,,  10 
Area  of  piston, Head  End, 56. 75 


30  30 

29.74  29.74 

92  90 

75  75 
3"  Vacuum 

252  256 

300  300 

60  90 

19.2  19.2 


40.8 

600 

1200 

60 

6.83 

7.56 

14.39 

12.23 

16.45 

17.61 

8.5 

5.25 

85.0 

98.3 

82.3 

1180 

10 


70.8 

722 

1444 

60 

12.55 

11.74 

24.29 

21.25 

28.2 

27.1 

8.5 

5.25 

87.5 

98.6 

58.7 

1425 

10 


Sq..in.,G.E.  54 


30 
29.7 
92 
75,5 

251,3 

300 

120 

19,2 

100.8 

865 

1730 

60 

16.80 

16.59 

33.39 

30.10 

40.45 

38.45 

8.5 

5.25 

90.2 

98,3 

51.0 

1700 

10 

,83 
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LOG  SHEET  NO.  4. 
Tests. 


Ho.  1  No,  2  No.  3  No.  4 


Duration  of  test, rain.. 
Barometer, ins,  Hg. , 
Room  temp. Dee. P., 
Steam  press. f  /  Sq.in., 
Exhaust  "   "   "   " 
Temp, calorimeter, Deg. P. , 
Revolutions  per  min. , 
Gross  wt.on  scales, lbs.. 
Tare  wt.   "    "    " 
Net  wt.   "    "    " 
Wt.of  cond, Steam, lbs., 

"   "    "   "  Ibs./hr,. 
Scale  of  Springs, lbs. , 
I.H.P.Crank  End, 
I. H. P. Head  End, 
Total  I.H.P.. 
Brake  Horse  Power, 
M.S. P. Crank  End, 
M.E.P.Head  End. 
Diam.of  Cylinder, ins. , 
Brake  Arm,  feet. 
Mechanical  Efficiency,^ 
Quality  of  St earn, ^ 
Steam/l.H,P,/hr,dry, 
Lengtn  of  stroke, ins,, 
Wt.of  dry  Steam  per  hr,. 
Area  of  piston, Head  End, 56, 


30 

30 

30 

29.78 

29.78 

29.84 

92 

92 

102 

90 

90 

90 

0 

0 

0 

266,6 

257.3 

261 

300 

300 

300 

60 

90 

120 

19,2 

19.2 

19,2 

40,8 

70,8 

100,8 

687 

803 

964 

1374 

1606 

1908 

60 

60 

60 

9,26 

14.0 

19,2 

5,72 

11.12 

16.02 

14.98 

26.12 

35.22 

12.23 

21.25 

30.10 

22.35 

33.80 

45.8 

16.51 

26.90 

37.35 

8,5 

8.6 

8.6 

5.25 

6.25 

6.25 

81.7 

84.6 

86.5 

98,0 

98.2 

98.3 

90,0 

62,8 

63.2 

10 

10 

10 

1348 

1577 

1876 

76  Sq.in., 

C.E.54. 
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'LOG  SHEET  NO.  £. 


£S. 


TESTS. 

Ltiration  of  test.min,. 
Barometer , ins .Hg. , 
Room  temp.Deg.P., 
Steam  press ,#  /Sq.in,, 
Exhaust  "  "   "   " 
Temp , calorimeter , Deg.P . 
Revolutions  per  min. , 
Gross  wt.on  scales, lbs. 
Tare  wt.   "    "    " 
Het  wt.   "    "    " 
Wt.of  cond. Steam, lbs., 

"   "   "    "  Ibs./hr. 
Scale  of  Springs,  Ids., 
I. H. P. Crank  End, 
I. H. P. Head  End, 
Total  I.H.P., 
Brake  Horse  Power, 
M.E.P.Crank  End, 
M.E.P.Head  End. 
Diara.of  Cylinder, ins. , 
Brake  Arm,  feet,        5.25 
Mechanical  Efficiency,^  0 
Quality  of  Steam, ^      98.9 
Steam/l.H.P./hr.dry,    234.2 
Wt.of  dry  Steam  per  hr.,617 
Length  of  stroke, ins.,   10 
Area  of  piston, Head  End, 56. 75 


Ho.  1  Ho.  2  Ho.  3  Ho.  4 


30 

29.64 

100 

80 
10 
,266.8 

300 
,0 

0 

0 

312 
,624 

60 

2.11 

0.522 

2.632 

0. 

5.08 

1.212 

8 


30  30 

29.84  29.84 

102  102 

80  80 
inch  Vacuum 

255  252 

300  300 

60  90 

19.2  19.2 


40.8 

641 

1282 

60 

9.72 

6.97 

16.69 

12.23 

23.4 

16.22 

8.5 

5.25 

73.5 

98,4 

75.5 

1261 

10 


70.8 

700 

1400 

60 

13.19 

10.62 

23.71 

21.25 

31.8 

24.95 

8.5 

5.25 

89.80 

98.0 

59.35 

1372 

10 


Sq.in. ,G.E.54, 


30 

29.84 
102 
80 

255.3 
300 
120 
19.2 
100.8 
880 
1760 
60 

19.80 
16.41 
36.21 
30.10 
47.70 
38.20 
8.5 
5.25 
83.10 
98.4 
47.80 
1740 
10 
83 


LOG  SHEET  NO.  6A. 


ze 


TESTS. 


Fo.  1  Ho.  2  No.  3  No. 4 


Duration  of  tests, rain, , 
Barometer, ins.  Hg. , 
Room  temp.Deg.P., 
Steam  press. #  /Sq.in., 
Exhaust  "   "   "   " 
Temp. calorimeter, Deg. P. 
Revolutions  per  min, , 
Gross  wt.on  scales, lbs. 
Tare  wt.   "    "    tt 
Net  wt.   »»    "    " 
Wt.of  cond. steam, lbs,, 

"   "   "    "  Ibs./hr. 
Scale  of  Springs, lbs. , 
I.H.P.Crank  End, 
I.H.P.Head  End, 
Total  I.H.P., 
Brake  Horse  Power, 
M.E.P.Crank  End, 
M.E.P.Head  End, 
Diam.of  Cylinder, ins. , 
Brake  Arm,  feet. 
Mechanical  Efficiency,^ 
Quality  of  Steam. fc 
Steam/l.H.P./hr.dry, 
Wt.of  dry  Steam  per  hr. 
Length  of  stroke, ins.. 
Area  of  piston, Head  End 


30 

30 

30 

30 

29.64 

29.83 

31.26 

29.83 

100 

91 

91 

91 

85 

85 

85 

85 

10  inch  Vacuum 

263 

259.1 

256.6 

238.3 

300 

300 

300 

300 

,0 

60 

90 

120 

0 

19.2 

19.2 

19.2 

0 

40.8 

70.8 

100.8 

350 

665 

770 

802 

,700 

1330 

1540 

1604 

60 

60 

60 

60 

3.01 

7.28 

13.30 

19.21 

0.142 

7.025 

11.80 

16.80 

3.162 

14.305 

25.18 

36.01 

0 

12.23 

21.25 

30.10 

7.26 

17.52 

31.96 

46.40 

0.23 

16. 3o 

27.60 

39.10 

8.5 

8.5 

8.5 

8.6 

5.25 

5.25 

5.25 

5.25 

0 

85.5 

84.5 

83.5 

98.7 

98.3 

98.28 

97.2 

217.3 

81.5 

60.0 

43.30 

,685 

1307 

1515 

1660 

10 

10 

10 

10 

,56.75 

Sq.in., 

C.B.  54.83/ 

LOG  SHEET  NO. 7. 


&7. 


TESTS. 

Duration  of  testa, min,. 
Barometer,  ins.  Hg,, 
Room  temp.Deff.  F,, 
Steam  press. #  /Sq.in., 
Exhaust   "   "   "  " 
Temp,calori?neter,Deg.F. 
Revolutions  per  min.. 
Gross  wt.on  soales,lbs. 
Tare  wt.   "    "     " 
Net  wt.   "    "     " 
Wt.of  eond.Steam.lbs. , 

"   "   "    "  lbs,/hr. 
Scale  of  Springs,  Ids., 
I.H.P.Crank  End, 
I.H.P.Head  End, 
Total  I.  H.  P.. 
Brake  Horse  Power, 
M.E.P.Grank  End, 
M.E.P.Head  End, 
Diam.of  Cylinder, ins. , 
Brake  Arm,  Feet, 
Meohanioal  Efficiency, % 
Quality  of  Steam, f^ 
Steam/I. H. P. /hr, dry, 
Wt.of  dry  Steam  per  hr. 
Length  of  stroke, ins.. 
Area  of  piston, Head  End 


No,  1  No.  2  No.  3  No,  4 


30  30  30  30 

29.23  29.5  29.5  29.5 

92  100  96  94 

75  75  76  75 
10  inch  Vacuum 

,264.7  262.66  257.1  258 

300  300  300  300 

,0  60-90  120 

0  19.2  19.2  19.2 

0  40.8  70. 8~  100,8 

465  608  736  904 

,930  1216  1472  1744 

60  60  60  60 

2.75  8.05  12.42  16.68 

0.466  7.52  12.10  17.60 

3.206  15.57  24.52  34.18 

0  12.23  21.25  30.10 

6.64  19.42  30.00  40.30 

1.06  17.46  28.18  40.76 

8.5  8.5  8.5  8.5 

6.26  5.26  5.25  5.25 

0  78.6  86.8  88.2 

98.5  98.85  98.6  98.7 

286.2  72.2  69.20  60.3 

,916  1200  1460  1720 

10  10  10  10 

83 


,66,75  Sq,in.,C.E.64. 


^e.. 


LOG  SHEBT  KO.  8. 

TESTS.  Ho.  1  No,  2  Ho.  3  Ho.  4 

Duration  of  tests, min. ,50  30  30  30 

Barometer. ins. Hg.,     29.23  29.68  29.68  29.68 

Room  temp. De«.  P.,     92  91  91  91 

Steam  press.!  /  Sq.in.,75  75  75  75 

Exhaust   «   rt   a  T»   rt   0  0  0  0 

Temp. calorineter.Deg.F. 251.6  256  257^  257 

Revolutions  per  min.,  300  300  300  300 

Gross  wt.on  scales, lbs. 0  60  90  120 

Tare  wt.   "   "    "   0  19.2  19.2  19.2 

Net  wt.    "   "    "0  40.8  70.8  100.8 

Wt.of  cond.Steam,lbs.,  420  643  778  940 

"   "   "   "  lbs. /hr., 840  1286  1556  1880 

Scale  of  Springs, lbs.,  60  60  60  60 

I, H. P. Crank  End,       2.842  9.47  13.00  18.03 

I. H. P. Head  End,        0.1695  7.89  12.00  17.40 

Total  I.H.P.,  3.0115  17.36  25.00  36.43 

Brake  Horse  Power,     0  12.23  21.25  30.10 

M.E.P.Crank  End.       6.85  22.81  31.28  43.42 

M.E.P.Head  End.        0.394  18.36  27.90  40.46 

Diam. of  Cylinder, ins.,  8.5  8.5  8.5  8.5 

Brake  Arm,  feet,       5.25  5.25  5.25  5.25 

Mechanical  Sffioiency,^  0  70.44  85.00  85.00 

Quality  of  Steam, ^b     98  98.6  98.6  98.6 

Steam  /I.H.P./hr.dry,   288.0  72.97  61.0  52.3 

Wt.of  dry  Steam  per  hr,823  1268  1524.2  1853.7 

Length  of  stroke, ins.,  10  10  10  10 

Area  of  piston, Head  End, 56.75  Sq.in. .G.E.54,83 


Z9. 


LOG  SHEET  NO.  9. 

TESTS. 

Duration  of  tests, rain. , 
Barometer, ins.  Hg., 
Room  terap.Deg.  F., 
Steam  press, #  /Sq.in., 
Exhaust  "   "   "   " 
Temp.oalorimeter.Deg.F. 
Revolutions  per  rain. , 
Gross  wt.on  scales, lbs, , 
Tare  wt.   "    "    " 
Net  wt.    "    "    " 
Wt.of  cond,3team,lbs. , 

"  "   "    "  Ibs./hr., 
Soale  of  Springs, lbs. , 
I. H. P. Crank  End, 
I. H. P. Head  End, 
Total  I.H.P., 
Brake  Horse  Power, 
M.E.P.Grank  End, 
M.S. P. Head  End, 
Diara.of  Cylinder, ins. , 
Brake  Arm,  feet, 
Mechanical  Efficiency.^ 
Quality  of  Steam, ^ 
Steam/I. H.P/hr. dry. 
Steam  per  hr., lbs. dry. 
Length  of  stroke, ins.. 
Area  of  Piston, Head  End, 


No.  1  No.  2  NO.  2  No.  4 


SO 

30 

30 

30 

29.23 

29.92 

29.92 

29.92 

92 

92 

92 

92 

75 

75 

75 

75 

5  Lbs 

.  back 

pressure 

261 

255.43 

1  262 

261 

300 

300 

300 

300 

0 

60 

90 

120 

0 

19.2 

19.2 

19.2 

0 

40.8 

70.8 

100.8 

416 

647 

829 

1002 

832 

1294 

1658 

2004 

60 

60 

60 

60 

0.398 

7.40 

12,50 

17.95 

2.435 

7.07 

11.88 

18.20 

2.833 

14.47 

24.38 

36.25 

0 

12.23 

21.25 

30.10 

5.84 

17.82 

30.15 

43.30 

0.925 

16.45 

27.60 

42.55 

8.5 

8,5 

8.5 

8.5 

5,25 

5.25 

5.25 

5.25 

0 

84.60 

87.30 

83.00 

99 

98.5 

98.8 

98.8 

291 

88.3 

67.3 

54.50 

824 

1275 

1638 

1975 

10 

10 

10 

10 

56.75 

Sq.in., 

C.E.54. 

83 

30. 


LOG  SHEET  NO,  10. 

TESTS . 

Duration  of  testa, min.. 
Barometer, ins,  Hg. , 
Room  temp.Deg,  P., 
Steam  press.f  /Sq,in,, 
Exhaust  "   "  "   " 
Terap,calorimeter,Deg,F, 
Rievolutions  per  min,. 
Gross  wt.on  scales, lbs. 
Tare  wt,   "   "     " 
Set  wt,   "   "     " 
Wt.of  oond. Steam, lbs., 

"   "   "    "  Ibs./hr. 
Scale  of  Springs, lbs. , 
I. H. P. Crank  End, 
I. H, P. Head  End, 
Total  I.H.P., 
Brake  Horse  Power, 
M.E.P.Crank  End, 
M.E.P.Head  End, 
Diam.of  Cylinder, ins, , 
Brake  Arm,  feet. 
Mechanical  Efficiency,^ 
Quality  of  Steam, ^ 
Steam/l.H.P./hr.dry, 
Wt,  of  dry  steara/hr,. 
Length  of  stroke, ins.. 
Area  of  piston, Head  End 


No.  1  No,  2  No,  3  No.  4 


30 

30 

30 

30 

29.64 

29.92 

29.92 

29,92 

100 

92 

92 

92 

80 

80 

80 

80 

0 

0 

0 

0 

,266.66 

256 

259.6 

256 

300 

300 

300 

300 

,0 

60 

90 

120 

0 

19.2 

19.2 

19,2 

0 

40.8 

70.8 

100,8 

422 

647 

792 

946 

,844 

1294 

1584 

1892 

60 

60 

60 

60 

3.1416 

9.44 

13.88 

16.80 

0.324 

7.25 

12.65 

17.59 

3.4656 

16.69 

26.53 

34.49 

0 

12.23 

21.25 

30.10 

7.58 

22.75 

33.40 

40.45 

0.754 

16.85 

29.42 

40,85 

8.5 

8.5 

8.5 

8,5 

5.25 

5.25 

5.25 

5.25 

0 

73.4 

80.3 

87.6 

99.0 

98.3 

98.4 

98.3 

240.3 

76.3 

58,80 

55,8 

835 

1272 

1559 

1360 

10 

10 

10 

10 

,56.76  i 

3q.in., 

C.E.  54 

.83 

3/ 


LOG  SHEI5T  NO.  11. 

TESTS. 

Duration  of  test.min., 
Baroaeter,ins,  Hg., 
Room  temp.Deg.  P., 
Steam  press. #  /Sq.in., 
Exhaust   "   "   '^   " 
Terap.calorimeter.Deg.P. 
Revolutions  per  min.. 
Gross  wt.on  scales, lbs. 
Tare  wt.   "    "     " 
Net  wt. 
Wt.of  cond, Steam, lbs. , 

"   "   "    "  Ibs./hr. 
Scale  of  Springs, lbs. , 
I. H. P. Crank  End, 
I. H. P. Head  End, 
Total  I.H.P., 
Brake  Horse  Power, 
M.E.P.Crank  End, 
M.E.P.Head  End, 
Diam.of  Cylinder,ins, , 
Brake  Arm,  feet. 
Mechanical  Elficiency,^^ 
Quality  of  Steam,  f 
Steam/l.H.P./hr.dry, 
Wt,  of  dry  steam/hr.. 
Length  of  stroke, ins.. 
Area  of  piston, Head  End 


No,  1  No.  2  No.  3  No.  4 


30 

30 

30 

30 

29.8 

2^.26 

29.26 

29.26 

97 

98 

98 

98 

85 

85 

85 

85 

0 

0 

0 

0 

,262 

263.7 

263.7 

268 

300 

300 

300 

300 

,0 

60 

90 

120 

0 

19.2 

19.2 

19.2 

0 

40.8 

70.8 

100.8 

453 

632 

811 

882 

,906 

1264 

1622 

1764 

60 

60 

60 

60 

3.87 

8.73 

11.75 

15.85 

0.1242 

5.94 

11.10 

17.40 

3.994 

14.67 

22.85 

33.25 

0 

12.23 

21.25 

30.10 

9.31 

21.05 

28.30 

38.20 

0.288 

13.80 

25.80 

40.50 

8.5 

8.5 

8.5 

8.5 

5,25 

5.25 

5,25 

5.25 

0 

83.5 

93.0 

90.5 

98.6 

98,8 

98,8 

99,0 

223.0 

85.3 

70,2 

52.3 

893 

1250 

1605 

1748 

10 

10 

10 

10 

,56,75  1 

Sq.in., 

G,E.54, 

83 

3Z 


LOG  SHEET  NO.  12, 
TESTS. 


Ho.  1  No.  2  No.  3  No.  4 


Duration  of  tests, min,. 
Barometer, ins.  Hg., 
Room  temp.De^,  F., 
Steam  press. s^  /Sq.in., 
Exhaust  "   "  "   " 
Temp.calorimeter,Deg.F. 
Revolutions  per  min, , 
Gross  wt.on  scales, lbs. 
Tare  wt.   "    "    " 
Net  wt.    "    ••    " 
Wt.of  cond. steam, lbs. , 

"   "   "    "  Ibs./hr. 
Scale  of  Springs, lbs. , 
I. H. P. Crank  End, 
I. H. P. Head  End, 
Total  I.H.P., 
Brake  Horse  Power, 
M.E.P.Crank  End, 
M.S. P. Head  End, 
Diam.of  Cylinder, ins. , 
Brake  Arm,  feet. 
Mechanical  Efficiency,^ 
Quality  of  St earn, % 
Steam/l.H.P./hr.dry, 
Wt.of  dry  steam  per  hr. 
Length  of  stroke, ins.. 
Area  of  piston, Head  End 


30 
29.39 
92 
80 

5 
$59 
300 
0 
0 
0 

438 
876 
60 
3.3 
0.277 
3.577 
0 

7.95 
0.643 
8.5 
5.25 

0 
98.8 
242.4 
866 
10 


30 

29.52 
104 
80 
Lbs.  back 
272.3 
300 
60 

19.2 
40.8 
656 
1312 
60 

8.97 
7.33 
16.30 
12.23 
21.63 
16.92 
8.5 
5.25 
75.0 
99.4 
80.1 
1305 
10 


30 

29.52 
104 
80 


30 

29.52 
104 
80 


pressure 
266.5   0 

300 


90 

19.2 

70.8 

803 

1606 

60 

11.75 

12.30 

25.05 

21.25 

28.30 

28.60 

8.5 

5.25 

88.5 

98.9 

66.0 

1588 

10 


300 

120 

19.2 

100.8 

1008 

2016 

60 

16.42 

19.15 

35.57 

30.10 

39.6 

44.5 

8.5 

5.25 

84.8 
99.0 
56.2 
1995 
10 


,56.75  Sq.in.,C.E.54.8g 


LOG  SHEET  NO.  13. 


33. 


TESTS. 


No.  1  No.  2  No.  3  NO.  4 


Duration  of  tests, min,,  30 
Barometer, ins.  Hg. ,     29.8 
Room  temp. Dee.  P.,      97 
Steam  press. ^  /  S'q.in,,  80 
Exhaust  "   "  '♦   "       10 
Temp.caloriTi8ter,Deg,F.  258.5 
"Revolutions  per  minute,  300 
Gross  wt.on  scales, lbs. ,0 
Tare  wt.   "    "    "0 
Net  wt.   •*    "    "0 
Wt.of  Gond. steam, lbs. ,   483 
"   "   "    "  lbs. /hr., 966 
Scale  of  Springs, lbs. ,   60 
I. H. P. Crank  End,        3.37 
I. H. P. Head  End.         0.492 
Total  I.H.P.,  3.862 

Brake  Horse  Power,      0 
M.E.P.Grank  End,        7.87 
M.E.P.Head  End,         1.142 
Diara.of  Cylinder , ins. ,   8.5 
Brake  Arm, feet,         5,25 
Mechanical  Efficiency,^  0 
Quality  of  Steam, ^^      98.6 
Steam/I. H. P. /hr. dry,    246.5 
Wt.of  dry  Steam  per  hr.,954 
Length  of  stroke, ins.,  10 
Area  of  piston, Head  End. 56. 75 


30 

29.01 
98 
80 


30 

29.01 

98 

80 


Lbs.  back  pres 
262.6   266 
300 


60 
19.2 

40.8 

737 

1474 

60 

8.12 

8.24 

16.36 

12.23 

19.54 

19.00 

8.5 

5.25 

75.0 

98.8 

89 

1458 

10 


300 

90 

19.2 

70.8 

883 

1776 

60 

12.3 

13.6 

25.9 

21. 2£ 

29.  7C 

31.64 

8.5 

5.25 

82.10 

99.0 

66.45 

1760 

10 


Sq,in.,0.E.54 


30 

29.01 
98 
80 

sure 
261.5 
300 
120 
19.2 
100.8 
1038 
2076 
60 

16.18 
18.88 
35.06 
30.10 
39.00 
43.90 
8.5 
5.25 
86.0 
98.7 
58.4 
2045 
10 

.83 


3^. 


LOG  SHEET  NO.  14. 

TESTS. 

Duration  of  test.min.. 
Barometer, ins.  Hg,, 
Boom  temp.Deg.F., 
Steam  press. f  /Sq.in., 
Exhaust  "   "   "   " 
Terap.calorimeter.Deg.F, 
Revolutions  per  min. , 
Gross  wt. on  scales, Its. 
Tare  wt.   "   "     " 
Net  wt.   "   "     " 
Wt.of  cond.Steam.lbs. , 

"   "   "    "  Ibs./hr. 
Scale  of  Springs, lbs. , 
I. H. P. Crank  End, 
I. H. P. Head  End, 
Total  I.H.P., 
Brake  Horse  Power, 
M.E.P.Crank  End, 
M.E.P.Head  End, 
Diam.of  Cylinder, ins. , 
Brake  Arm,  feet. 
Mechanical  Efficiency,^ 
Quality  of  Steam,^ 
S  teara/l .  H.P .  /hr .  dry , 
Wt.of  dry  Steam  per  hr. 
Length  of  stroke, ins.. 
Area  of  pis ton, Head  End 


iro.  1  No.  2  No.  3  No.  4 


30 

50 

30 

30 

29.8 

29.01 

29.01 

29.46 

97 

98 

98 

92 

85 

85 

85 

85 

10  Lbs.  back 

pressure 

.262 

266 

265.4 

260.6 

300 

300 

300 

300 

.0 

60 

90 

120 

0 

19.2 

19.2 

19.2 

0 

40.8 

70.8 

100.8 

437 

740 

853 

1029 

,874 

1480 

1706 

2058 

60 

60 

60 

60 

3.36 

7.89 

12.10 

18.31 

0.245 

8.36 

13.15 

17.20 

3.605 

16.25 

25.26 

35.51 

0 

12.23 

21.25 

30.10 

8.1 

19.0 

32.25 

44.2 

0.569 

19.45 

30.60 

40.2 

8.5 

8.5 

8.5 

8.5 

5.25 

5.25 

5.25 

5.25 

0 

75.3 

84.25 

85.0 

98.6 

99.1 

99.0 

98.5 

239 

90.3 

67.0 

57.3 

,862 

1468 

1690 

2030 

10 

10 

10 

10 

,56.75 

Sq.in., 

C.E.54. 
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LOG  SHEET  HO.  15. 

TESTS, 

Duration  of  tests, min,. 
Barometer , ins .  Hg, , 
Room  temp.Deg,  P., 
Steam  press, f  /Sq..ln,, 
Exhaust  "   "  "  " 
Temp , calorimeter ,Deg,F , 
Revolutions  per  min.. 
Gross  wt.on  scales, lbs. 
Tare  wt,   "   "     " 
Net  wt,   "   "     " 
Wt.of  cond, Steam, lbs, , 

"   "   "    "Ibs./hr.. 
Scale  of  Spring8,lDS, , 
I. H. P. Crank  End, 
I. H. P. Head  End, 
Total  I.H,P., 
Brake  Horse  Power, 
M.E.P.Crank  End, 
M.E.P.Head  End, 
Diam.of  Cylinder, ins. , 
Brake  Arm,  feet. 
Mechanical  Efficiency,^ 
Quality  of  steam,^. 
Steam/I. H. P. /hr, dry, 
Wt,of  dry  steam/hr., 
Length  of  stroke, ins.. 
Area  of  piston, Head  End 


Ho.  1  No.  2  Ho.  3  No,  4 


30 

30 

30   • 

30 

29.8 

29.17 

29,17 

29.17 

97 

93 

93 

93 

85 

85 

85 

85 

5 

Lbs,  back  pressure 

,261.6 

263 

261.2 

260 

300 

300 

300 

300 

,0 

60 

90 

120 

0 

19.2 

19.2 

19.2 

0 

40.8 

70.8 

100.8 

458 

720 

833 

958 

916 

1440 

1666 

1916 

60 

60 

60 

60 

3.98 

8.32 

12,04 

16.28 

0.0775 

7.70 

13,20 

18.65 

4.0575 

16.02 

25.24 

34.93 

0 

12.23 

21,25 

30.10 

9.6 

21.05 

29.0 

39.20 

0.180 

17.92 

31.25 

43.30 

8,5 

8.5 

8.5 

8.5 

5.25 

5.25 

5.25 

5.25 

0 

76.45 

84.2 

86.2 

98.6 

98,80 

98.50 

98.3 

223.2 

88.80 

65.0 

54.0 

904 

1420 

1640 

1886 

10 

10 

10 

10 

,56.75  S(i.in.,C.B.  54.83 
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LOG  SHEET  NO,  16, 
TESTS. 

Duration  of  tests, min., 

Barometer, Ins,  Hg. 
Room  temp. Dag.  F,, 
Steam  press. #  /  Sq.ln. , 
Exhaust   "   "   "   "  " 
Temp.calorimeter.Deg.F. 
Revolutions  per  min. , 
Sross  wt.on  scales, lbs. 
Tare  wt.   "    "    " 
Net  wt. 

Wt.of  cond.Steam,lbs, , 
"   "   "   "  Ibs./hr. 
Scale  of  Springs, 1 Ds. , 
I.H.P.Grank  End, 
I. H. P. Head  End, 
Total  I.H.P., 
Brake  Horse  Power, 
M,S,P.Orank  End, 
M.E.P.Head  End, 
Diam.of  Cylinder, ins. , 
Brake  Arm,  feet. 
Mechanical  Eff iciency.f:^ 
Quality  of  Steam, ^i 
Steam/I. H. P. /hr. dry, , 
Wt.of  dry  Steam  per  hr. 
Length  of  stroke, ins,. 
Area  of  piston, Head  End 


UO,  1  No,  2  No,  3  No.  4 


30 

30 

30 

30 

29.23 

29.46 

29.46 

29.46 

92 

92 

92 

92 

75 

75 

75 

75 

10  Lbs.  back  press 

are 

264.3 

258.5 

260 

262 

300 

300 

300 

300 

0 

60 

90 

120 

0 

19.2 

19.2 

19.2 

0 

40.8 

70,8 

100.8 

460 

702 

852 

1025 

1120 

1404 

1704 

2050 

60 

60 

60 

60 

3.182 

6.71 

11.40 

13.11 

0.628 

9.76 

13.88 

16.82 

3.810 

16.47 

25.28 

34.93 

0 

12.23 

21.25 

30.10 

7.67 

23.6 

33.50 

43.80 

1.46 

15.6 

26.55 

39,10 

8.5 

8.5 

8.5 

8.5 

5.25 

5,25 

5.25 

5.25 

0 

74.3 

80.2 

86.3 

99.1 

98.3 

98.5 

98.6 

292.0 

84.0 

66.5 

56.8 

1110 

1380 

1680 

1980 

10 

10 

10 

10 

,56.75 

Sq.in. 

,C.E.54 
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SUMMARY;  1 

The  eoonomy  of  the  Phoenix  engine 
used  in  this  experiment  varies  directly  with 
the  initial  and  back  pressures. 

A  study  made  of  the  curves  as  shown 
hy  charts  1  to  7  inclusive  demonstrates 
clearly  that  the  hi^er  the  initial  press- 
ures and  the  lower  the  back  pressures,  the 
higher  the  efficiency  and  economy  of  this 
engine* 

However,  it  is  regretted  that  hi^- 
er  pressures  and  lower  back  pressures  than 
those  used  in  this  test  were  unobtainable. 
Again,  the  engine  developed,  during  several 
important  tests,  a  serious  "Knocking"  which 
prevented  the  continuation  of  this  experi- 
ment. 

The  practical  experience  and  tech- 
nical knowledge  gained  throughout  the  experi- 


*■* 
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ment  has  taught  the  writer  the  value  of  hi^- 
er  initial  and  lower  baok  pressures.  He  has 
also  beoome  familiar  with  the  methods  of  pro- 
cedure followed  in  obtaining  the  efficiencies 
of  reciprocating  hi^  speed  engines. 
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